Abstract This paper aims to observe the effects of total flavonoids of Radix Ilicis pubescentis on mouse model of cerebral ischemia reperfusion. Mice were orally given different doses of total flavonoids of Radix Ilicis pubescentis 10 d, and were administered once daily. On the tenth day after the administration of 1 h in mice after anesthesia, we used needle to hook the bilateral common carotid artery (CCA) for 10 min, with 10 min ischemia reperfusion, 10 min ischemia. Then we restored their blood supply, copy the model of cerebral ischemia reperfusion; We then had all mice reperfused for 24 h, and then took their orbital blood samples and measured blood rheology. We quickly removed the brain, with half of the brain having sagittal incision. Then we fixed the brains and sectioned them to observe the pathological changes of brain cells in the hippocampus and cortex. We also measured the other half sample which was made of brain homogenate of NO, NOS, Na -ATPase. Acupuncture needle hook occlusion of bilateral common carotid arteries can successfully establish the model of cerebral ischemia reperfusion. After comparing with the model mice, we concluded that Ilex pubescens flavonoids not only reduce damage to the brain nerve cells in the hippocampus and cortex, but also significantly reduce the content of NO in brain homogenate, the activity of nitric oxide synthase (NOS) and increases ATP enzyme activity (P < 0.05, P < 0.01). In this way, cerebral ischemia reperfusion injury is improved. Different dosages of Ilex pubescens flavonoids on mouse cerebral ischemia reperfusion model have good effects. 
Introduction
Cerebral ischemia-reperfusion injury (CIRI) refers to the cerebral ischemia after restoration of perfusion. It not only recovers the brain and brain cell function, but also leads to hazardous situations, such as further tissue damage and dysfunction. Therefore, the CIRI induces high morbidity, high mortality and high disability rate of people. So it is called ''three high" suggesting the characteristics of such disease (Yang et al., 2015) . Ilex pubescens promotes blood circulation and removes blood stasis drugs. It can promote blood circulation (in Chinese it refers as Huoxue Tongmai). Other functions include acetanilide detumescence, detoxification efficacy. Pharmacological studies have shown that, Ilex pubescens protects the brain, improves its anti-inflammatory and immune function, and thus serves as clinical treatment for ischemic cerebrovascular disease, coronary heart disease, and thrombotic occlusion of vein phlogistic etc. (Li and Mao, 2011; Peng et al., 2015) . This paper will report on the effect of total flavonoids of Mao Dongqing on mice that have cerebral ischemia reperfusion.
Materials and method

Experimental animal
Kunming mice, male, weighing 28 $ 32 g, were provided by the Experimental Animal Center of Hebei Province, with the certificate number: 1006019, and laboratory Certificate No. SYXK (Henan 2010-001).
Experimental drugs and reagents
Mao Dongqing that contains 52% of flavonoids, with batch number: 20100312; Chemical Analysis Laboratory of Henan University of Traditional Chinese Medicine; extract of Ginkgo biloba tablets (Jin Naduo), by Dr. Willmar Schwabe, with the batch number: 0601209; Nimodipine was from Shandong Xinhua Pharmaceutical Limited by Share Ltd production, batch number: 808170.
Sodium chloride injection and production, were provided by Zhengzhou Yonghe Pharmaceutical Co. Ltd. with batch number: 10062121; Chloral hydrate products by Shanghai Yamaura Chemical Co., with batch number: 2010302; Sodium carboxymethyl cellulose, with batch number of Fuchen Chemical Reagent Factory of Tianjin City: 20090826; formaldehyde solution, produced by Tianjin Kermel Chemical Reagent Co. Ltd., with the batch number: 20100601; Kaumas bright blue kit from Nanjing Jiancheng Bioengineering Institute, batch number: 20100626; ATP (Adenosine-triphosphate) kit from Nanjing Jiancheng Bioengineering Institute, batch number: 20100613; NO (Nitric oxide) detection kit from Nanjing Jiancheng Bioengineering Institute, batch number: 20100626; NOS (Nitric oxide synthetase) detection kit from Nanjing Jiancheng Bioengineering Institute, batch number: 20100626.
Experimental methods
Modeling and administration
We take the weight of 28 $ 32 g of Kunming mice 119, male, then evenly divide them into 7 groups, namely: sham operation group, model group, nimodipine group, Ginaton group, total flavonoids from Radix Ilecis pubescens large, medium and small dose group (n = 17). Except the sham operation group, the other 6 groups made transient cerebral ischemia-reperfusion model in mice. Large, small dose of Ilex pubescens flavonoids (300 mg/kg and 150 mg/kg, 75 mg/kg, with 0.1% CMC were prepared to 30 mg/ml, 15 mg/ml, 7.5 mg/ml suspension, volume 0.1 ml/10 g), Ginaton group (positive control drug, dosage is 40 mg/kg, 4 mg/ml in 0.1% CMC with mixed suspension, volume 0.1 ml/10 g), nimodipine group (positive control drug, dosage is 40 mg/kg, 4 mg/ml, 0.1% CMC, which is used for suspension, volume 0.1 ml/10 g), model group (fed with the same volume of 0.1% CMC), administered 1 times daily, administered continuously for 10 days. On the 10th day of fasting 12 h after the administration of 1 h and 10% chloral hydrate 0.03 ml/10 g intraperitoneal injection anesthesia (mice turn positive reflex), was used scissors to clip the neck hair and make the neck disinfected with alcohol. Then used a scalpel to median incision in the neck, gradually to separate the muscles around, until the bilateral common carotid artery (CCA), was seen and then bent tweezers stripping of peripheral nerve, separation of CCA, each artery with a diameter of about 0.3 mm acupuncture needle hook up, making approximately 90 degrees, 10 min of ischemia and restoration of perfusion for 10 min, ischemia reperfusion 10 min, and restoration of blood flow were done, and the mice were sutured. For sham operation group a surgical treatment in addition to blocking CCA was given, other operations being the same as of the model groups. In the first experiment on 119 mice, 32 rabbits died (death more complete second ischemia and 10 h after operation in the final 87), rats entered the result analysis.
Model evaluation criteria
The damage of mice cortical neurons by nerve injury was assessed. For each animal in Section 3, each slice section was similar. Then we selected the right hippocampus. Cortex was three times as high as that of the field (400 times) with the pathological scores of neural injury. Rating criteria are as follows: 0, no neuron injury; 1, scattered in the neuronal damage; 2, moderate degree of God the element damage (damaged neurons is less than the half); 3, severe neuronal damage (damaged neurons more than half); 4, extensive neuronal damage.
The results show: the display of a sham operation group cortical neurons in the reperfusion time points nerve have lower pathology scores; for ischemia again perfusion group mice cortex and hippocampus neurons appeared scattered arrangement of the cells, the nerve cell swelling obviously. It appears as deformation, its outline is not clear, with dark cytoplasm, nuclear pyknosis, nuclear week disappeared, neural cell autolysis and necrosis, a series of pathological changes of morphology, ischemia reperfusion group of nerve injury scores were increased (P < 0.05). Therefore, pathological outcome is that the animal model is the successful (Liu et al., 2010) .
Observation items and indexes
After mice reperfusion for 24 h, we collected the orbital blood samples of all mice to measure their blood rheology. And then we euthanized mice by cervical dislocation by quickly taking the brain, and conducting sagittal incision on half of the brain. The we fixed the brain in 4% poly formaldehyde and 0.1 mol/L phosphate buffer (pH 7.4) for a week. Then we embedded the brain in paraffin and stained them by HE. The other half was put on a clean filter paper, and accurately weighed. We calculate the result according to the weight. Then we added cold saline volume, ratio of brain tissue (g): normal saline (ML) = 1:9 into 10% of brain homogenate, 4 DEG C, 3000r/min and the supernatant from -20 DEG C cryopreservation were determined. No, NOS, Na + -K + -ATPase, Mg 2+ -ATPase and Ca 2+ -ATPase.
Statistical processing method
Data were analyzed with SPSS13.0 for windows medical statistics packages for data analysis. Measurement data between groups were compared using an analysis of variance. With the x AE s said, we use Ridit to test grade data.
Results
Effect on cerebral ischemia reperfusion injury in mice brain homogenate NO content
As what Table 1 shows when we compare the sham operation group with model group, we find that NO content in mice brain tissue has increased significantly (P < 0.01). It indicates that the modeling was successful. When we compare the Nimodipine group with the model group, the Ginaton group, relevant dose of total flavone can significantly reduce the content of nitric oxide (no) (P < 0.01). Table 2 shows that compared with the sham operation group, model mice brain tissue of TNOs and iNOS activity increased significantly (P < 0.01), indicating a successful model. Compared with the model group, total flavone in the middle dose group, Ginaton group, and nimodipine group can significantly reduce the TNOs, iNOS activity (P < 0.01); small dose of total flavonoids of Radix Ilicis pubescentis can significantly reduce the TNOs activity (P < 0.05). Table 3 shows that, compared with the sham operation group, model group mice brain tissue Na + -K + -ATP enzyme, Ca 2+ -ATP enzyme and Mg 2+ -ATP enzyme activity was significantly decreased (P < 0.01), indicating that the model was successful. Compared with the model group, high dose group of total flavonoids from Radix Ilecis pubescens, nimodipine group of Na + -K + -ATP enzyme, and Ca 2+ -ATPase and Mg $ (2+)-ATPase activity increased significantly (P < 0.01); as for the Ginaton group, its Ca 2+ -ATPase, and Na + -K + -ATP enzyme activity significantly increased (P < 0.01); the total flavonoids from Radix Ilecis pubescens middle dose group of Na + -K + -ATP enzyme activity increased significantly (P < 0.01); Ginaton group Mg 2+ -ATPase activity increased significantly (P < 0.05); and for the total flavone small dose group of Ca 2+ -ATPase activity and Mg 2+ -AT, its enzyme activity of P significantly increased (P < 0.05).
Effect on cerebral ischemia reperfusion injury in mice NOS activity in brain homogenate
Effect of transient cerebral ischemia reperfusion injury in mice brain tissue ATP activity
3.4. Effect on cerebral ischemia reperfusion injury in mice model of pathomorphology 3.4.1. Effect of total flavonoids of Mao Dongqing mice brain nerve cells in the hippocampus pathological changes induced by cerebral ischemia reperfusion in Table 4 , Fig. 1 Effect of ATP enzyme activities in brain homogenate of total flavonoids in 3 Mao Dongqing on cerebral ischemia reperfusion injury in mice ( x AE s).
By Ridit test, compared with sham operated group, the model group has significant pathological changes in the hippocampus nerve cells (P < 0.01), indicating that the model was successful. Compared with the model group, high dose of Ilex pubescens total flavone group, Ginaton group and nimodipine group can significantly reduce mouse brain nerve cells and induce pathological changes of the hippocampus (P < 0.05); small dose of Ilex pubescens flavonoid group of mouse brain nerve cells in the hippocampus of the physical changes only has a trend to reduce.
The hippocampus pathological observation showed: sham operation group showed no cerebral pathological changes in nerve cells of hippocampus. They were normal, neuronal nuclei. The nuclear chromatin is fluffy, clear nucleolus, as what can be seen in the photo 1of nerve cells of the hippocampus. Nerve cells of the hippocampus in the nimodipine group have the protective effect. Ginaton group, large dose of Ilex pubescens flavonoid group also has the protective effect as can be seen in.photo 3,4,5; it has a role in promoting a small dose of Ilex pubescens total flavone group, as can be seen photo 6,7.
3.4.2. Effect of total flavonoids of Mao Dongqing on pathological changes of mice cerebral cortex nerve cells and on cerebral ischemia reperfusion in Table 5 , Fig. 2 In the Ridit test, sham operation group, and the model group mice cerebral cortex nerve cells have significant pathological changes (P < 0.01), indicating a successful model. Compared with the model group, high dose of Ilex pubescens total flavone group, nimodipine group and Ginaton group had significantly less injury of nerve cells (P < 0.01). Small dose of Ilex pubes- Compared with the model group (Delta P < 0.05, Delta P < 0.01).
cens flavonoid group in mouse cerebral cortex nerve cells had no significant effect (P < 0.05). Cortex pathological observation showed that: the brain neurons in the cortex of the sham operation group and cells in the hippocampus had normal pathological changes, as what can be seen in photos 8; nerve cells of the hippocampus in the brains of the model group obviously atrophied or disappeared, associated with pathological changes such as obvious edema of nerve cells in the cerebral cortex, as can be seen in photo 9; as for Ginaton group, and high dose of total flavonoids from Radix Ilecis pubescens group, few nerve cells in their cerebral cortex had mild edema, and the nucleus was clear and their normal glial cells appear normal as can be, seen in photo 11, and photo 12; Few parts of the compared group, their brain cortex's nerve cell will have obvious pathological changes. Such changes will be restored, mostly recovered to a certain extent, see photo. As for the small dose of hair total flavonoids of brain pathology group, a few parts of the nerve cells that had been changed were obviously recovered. Most of them have been restored, see photo 13, 14.
Discussions
Epidemiological studies show that as China's aging population expands, deaths caused by cerebrovascular disease increase. Cerebrovascular disease now ranks the top three. Ischemic Compared with the model group (Delta P < 0.05, Delta P < 0.01). ''À" nerve cells were normal. ''+" few nerve cells mildly atrophy; ''++" part of the nerve cells moderately atrophy with a few of cells with mild edema; ''+++" all nerve cells severely atrophy or with partial cell moderate edema.
cerebrovascular disease accounts for 80% of all the cerebral vascular disease, not only affects the patient's daily work and life, but also increases the family and social burden of medical treatment (Wang et al., 2013) . Inhibiting the ischemia and reperfusion injury has become the key link in the treatment of ischemic cerebrovascular diseases. Cerebral ischemia reperfusion injury (CIRI) leads to neurological damage. In Chinese medicine, a ''stroke" category (Zhao and Zhu, 2015) is the ischemic semi dark band visible for blood micro indications. Edema can be observed through the indication of phlegm. Therefore, we are able to differentiate two syndromes, such as ''phlegm" and ''blood stasis". The treatments of blood and phlegm are Shu and Tongluo respectively. In recent years, with further researches on Ciri rats, and rapid development of modern pharmacology in traditional Chinese medicine, the study variety has been extended to include expectorant Xingshen, (breathing and resuscitation), Yiqi Bushen (replenishing qi and tonifying the kidney), Huazhuo Jiedu (resolving turbidity and toxin) (Zhao et al., 2011) . The efficacy of traditional Chinese medicine, even the development of many new Chinese herbal medicines and its extract are also included in these areas.
Modern research shows that cerebral ischemia, reperfusion injury appears as calcium overload, brain edema, excitotoxicity, and oxidative stress (Yu et al., 2015) . Energy metabolism disorder is believed to be ischemia and reperfusion cell injury is the initiating factor. Metabolic toxins trigger a chain reaction, and intracellular Ca 2+ overload will lead to neuronal death. Main drugs for this disease include cerebral protection agents, calcium antagonistic agent (such as the Nimmo equality) and free radical scavenger (e.g., edaravone, mannitol, etc.) (Wang et al., 2014; Fu et al., 2014) , nerve growth factor, excitatory amino acid receptor antagonist, mitochondrial protection agent (such as butyl benzene skin) and others. Most of them belong to the single-factor protective agent. Clinical applications have strict indications, so we have not yet determined which drug or treatment obtains the ideal effect.
The dry roots of Ilex pubescens plant (or holly of Ilex genus) are able to promote blood circulation and remove blood stasis. This is a kind of traditional Chinese medicine. The main effective components of hairy holly roots contain flavonoid glycosides, phenols, sterol, tannins, triterpenes and numerous other chemical constituents. Pharmacological studies have shown that, holly (or Mao Dongqing) has the effect of promoting blood circulation and removing blood stasis. It soothes swelling and pain, and has heat clearing and detoxifying effect (Lv, 2015) , it is antihypertensive, anticoagulation and protects cerebral tissue. It is anti-inflammatory and improves immune system. In a word, Mao Dongqing is one clinical treatment of ischemic cerebrovascular disease. The study showed that total flavonoids from Radix Ilecis pubescens significantly reduced the blood stasis associated with cerebral ischemia in model rats. It has good effect on rats' whole blood viscosity, and improves their brain nerve cells in the hippocampus. All in all total flavonoids from Radix Ilecis pubescens have a good effect on the model rats that have cerebral ischemia (Cheng et al., 2012) .
Before using rats, in recent years, people try to use different kinds of animal models of cerebral ischemia reperfusion injury. Due to the small difference in the body weight of the mice, the success rate of the mice model is high. What's more mice models have brains that are close to human brains as for cerebral ischemia or cerebral infarction reperfusion. Brain tissues of mice and human have similar pathological and physiological evolution process, so scholars have used mice to make cerebral ischemia reperfusion model (Wang and Tension, 2011) . And because male mice have less estrogen which has a protective effect on brain injury, many scholars choose male mice. (Guo and Xiao, 2012) .
The research showed that on cerebral ischemia stage, the metabolism of the body generated large amounts of NO, and increased the activity of NOS. This phenomenon was induced by glutamate excitotoxicity, which aggravated the injury of ischemia reperfusion (Chen et al., 2012) . The study found that NO content decreased and the aged rats with cerebral ischemia reperfusion injury on brain tissues were damaged. The experimental results show that the total flavonoids from Radix Ilecis pubescens reduced NO level and NOS in mice with cerebral ischemia and reperfusion injury, reducing transient cerebral ischemia reperfusion injury of the mice. From observing each mouse and their death, the mortality of the model group was higher than that of the treatment group and high dose group of Ilex pubescens flavonoids had the lowest mortality rate. It showed that the medication in each group of ischemia and reperfusion in mice has a protective effect.
Energy metabolism disorder is one of the main pathological mechanisms of cerebral ischemia (Liu et al., 2011) . Cerebral ischemia and reperfusion appears microcirculation, inadequate supply of oxygen and glucose, ATP was rapidly depleted, mitochondrial ATP synthase failure, resulting in ATP dependent enzymes (including Ca2-ATP enzyme and Na + -K + -ATPase enzyme activity decreased, resulting in a massive outflow of intracellular K + , Na + , Cl À and Ca 2+ large inflows of cells, resulting in cell, ion imbalance. In addition, the brain ischemia leads to the significant increase of lactic acid, metabolic acidosis. It also increased intracellular H + content, promoted Na + , H + exchange. As a result, more Na + flowed into cells. Sodium and water retention were caused by cyto- toxic cerebral edema (Genovese et al., 2011; Wen et al., 2016) . This experiment is affected by determination of ATP enzyme activity reaction Mao Dongqing flavonoids on cerebral ischemia reperfusion injury. The results showed that total flavonoids of Ilex pubescens can improve the ATP activity of brain tissue in mice, improving brain energy metabolism. So Mao Dongqing has a good effect on cerebral ischemia reperfusion injury. Brain tissue sections can be intuitive reaction of brain cell volume size and cause changes in the cytoplasm, nucleus, cytoplasm and so on. Transient cerebral ischemia will lead to damaged neurons in the brain. More serious phase will cause cell apoptosis. Hippocampus CAI area is the most sensitive to ischemia and hypoxia of brain tissue. The damage can cause the decline of learning ability and bad memory. The hippocampus was dissected in fiber position and contact, suggesting that in brain function, it plays a key role . So in this study we took HE staining method, choosing the CA1 region of the hippocampus and the cortex for pathological view observation. And the objective study and the pathological observation showed: Mao Dongqing flavonoids can improve the histopathological changes in brain, improving the cerebral ischemia reperfusion injury.
The long-term experimental results of Ilex pubescens show, Ilex pubescens flavonoids can reduce brain tissue in the hippocampus and reduce the cortex nerve cell damage. It can also significantly reduce brain homogenate of No and NOS. It increases brain homogenate ATP enzyme activity, by improving cerebral tissue pathology change and regulation related biochemical indexes. In this way, cerebral ischemia reperfusion injury is improved, and the high dose effect is the best. The laboratory study shows that, Mao Dongqing has both heat clearing and detoxifying, effect. It not only promotes blood circulation and removes blood stasis. As one of the traditional Chinese medicines, it can prevent cerebral ischemia and provide a new train of thoughts on cerebral ischemia reperfusion injury treatments. The use of drugs on cerebral ischemia reperfusion injury has certain change. The good effect of the treatment of cerebral ischemic reperfusion injury is of great significance, and will become a new Mao Dongqing clinic.
